1/1 


A  D-A146  712  RECOMMENDED  ALUMINUM  PIPE  WELDING  PROCEDURES  FOR  CORPS 
OF  ENGINEERS  CONSTRUCTIONS)  CONSTRUCTION  ENGINEERING 
RESEARCH  LAB  ( ARMV)  CHAMPAIGN  IL  R  A  WEBER  SEP  84 
UNCLASSIFIED  CERL-TR-M-358  F7G  1378  NL 


■ 

Ol 

- 

EM 

3 

• 

1.0  g  la  is 

==  g  UJ  mam 

■  I  £  li£  II  2.0 

|(  I-  U  Ifsliill 

•  *  I  kkh 

“  mi 

umm 


OPY  RESOLUTION  TEST  CHART 


OTIC  FILE  CORY  AD- A 146  712 


US  Army  Corps 
of  Engineers 

Construction  Engineering 
Research  Laboratory 


TECHNICAL  REPORT  M-358 

September  1984  p 
Welding  for  Advanced  Fastener  Concepts 


RECOMMENDED  ALUMINUM  PIPE  WELDING  PROCEDURES 
FOR  CORPS  OF  ENGINEERS  CONSTRUCTION 


» 


The  contents  of  this  report  are  not  to  be  used  for  advertising,  publication,  ot 
promotional  purposes.  Citation  of  trade  names  does  not  constitute  an 
official  indorsement  or  approval  of  the  use  of  such  commercial  products. 
The  findings  of  this  report  are  not  to  be  construed  as  an  official  Department 
of  the  Army  position,  unless  so  designated  by  other  authorized  documents. 


DESTROY  THIS  REFORT  WHEN  IT  IS  NO  LONGER  NEEDED 
DO  NOT  RETURN  IT  TO  THE  ORIGINATOR 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  This  PAGE  (TWiafl  Dote  entered) 


|  REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

3.  RECIPIENT'S  CATALOG  NUMBER 

4.  TITLE  (end  Submit) 

Recommended  Aluminum  Pipe  Welding  Procedures  for 
Corps  of  Engineers  Construction 

5.  TYPE  OF  REPORT  4  PERIOD  COVERED 

FINAL 

6.  PERFORMING  ORG.  REPORT  NUMBER 

7.  AUTHORfaj 

Robert  A.  Weber 

8.  CONTRACT  OR  GRANT  NUMBERS 

PERFORMING  ORGANIZATION  NAME  AND  ADDRESS 

U.S.  Army  Construction  Engr  Research  Laboratory 
P.0.  Box  4005 

Champaign,  IL  61820-1305 

10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  4  WORK  UNIT  NUMBERS 

4A76273 1AT4 l-B-034 

II.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

12.  REPORT  DATE 

September  1984 

13.  NUMBER  OF  PAGES 

14 

14.  MONITORING  AGENCY  NAME  •  ADDRESS (II  dlllerent  from  Controlling  Office) 

IS.  SECURITY  CLASS,  (ol  Otic  report) 

UNCLASSIFIED 

15a.  DECL  ASSI  FlCATION/ DOWNGRADING 
SCHEDULE 

14.  DISTRIBUTION  STATEMENT  (ol  t him  Report) 

Approved  for  public  release;  distribution  unlimited. 

17.  DISTRIBUTION  STATEMENT  (ol  Ida  obotroct  an  farad  In  Block  20,  II  dlllaranf  from  Report) 

IS.  SUPPLEMENTARY  NOTES 

Copies  are  available  from  the  National  Technical  Information  Service 

Springfield,  VA  22161 

19.  KEY  WORDS  (Continue  on  reeetee  aide  It  n«c«M«y  «nrf  Identity  by  block  number) 

aluminum 
piping  systems 
welding 

20.  ABSTRACT  fOHMSaua  mm  paaaraa  *Mt  If  nmeeeetey  at  identify  by  block  number) 

->  An  investigation  of  aluminum  pipe  welding  techniques  for  field  construction  is  docu¬ 
mented.  Information  from  the  Aluminum  Association  and  the  Aluminum  Company  of 

America  (ALCOA)  was  evaluated  to  see  whether  their  methods  would  be  feasible  for  use 
by  the  Army  Corps  of  Engineers.  These  procedures  were  then  tested  on  aluminum  piping 
commonly  used  in  Corps  construction  (6061-T6  and  3003-H18).  The  investigation 
verified  that  these  methods  were  viable  for  military  applications. 

/ 

(Continued) 

00  /.STn  M73^  EDITION  OF  I  NOV  It  IS  OBSOLETE 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (Shan  Data  Entered) 


•  UNCLASSIFIED _ 

AFCUNITVCLASaiFICATlOt^OF  THIS  PAOtfWtl*!  Pt«  Kntf+d) 

BLOCK  20.  (ContinuedX-  -. 

SThe  information  gained  during  this  investigation  was  used  as  a  basis  for  recommending 
guidance  on  aluminum  welding  which  can  be  incorporated  into  Corps  of  Engineers  and 
Army  welding  guidance. 

Among  these  recommendations  are : 

of  appropriate  cleaning  procedures  on  the  joint  before  weldingj 

of  a  push-button  to  control  the  weld  contactor  j 

of  the  gas  tungsten-arc  welding  process^ 

of  the  extended  land  joint  configuration  j  ^ 

of  current  limits  set  by  the  Aluminum  Association  and  ALCOA. 

/ 


0) 

Use 

(2) 

Use 

(3) 

Use 

f4) 

Use 

Use 

UNCLASSIFIED 


SCCURITY  CLASSIFICATION  OF  THIS  PAOeflFhnn  Dmtt  Bn IotmQ 


FOREWORD 


This  investigation  was  performed  for  the  Directorate  of  Engineering  and  Construction, 
Office  of  the  Chief  of  Engineers  (OCE)  under  Project  4A762731AT41,  “Military  Facili¬ 
ties  Engineering  Technology”;  Task  Area  B,  “Construction  Management  and  Technology”; 
Work  Unit  034,  “Welding  for  Advanced  Fastener  Concepts.”  The  OCE  Technical  Monitor 
is  Mr.  George  Matsumura,  DAEN-ECE-G. 

The  work  was  done  by  the  Engineering  and  Materials  Division  (EM),  U.S.  Army 
Construction  Engineering  Research  Laboratory  (USA-CERL).  Dr.  R.  Quattrone  is  Chief 
of  USA-CERL-EM. 

COL  Paul  J.  Theuer  is  Commander  and  Director  of  USA-CERL,  and  Dr.  L.  R.  Shaffer 
is  Technical  Director. 


j  Accession  /jr 

j  -  '  ' 

1  r : ; 7  tap 

I  V x.’cad 
:  7u'i».lf  lost  inn 


CONTENTS 


DD  FORM  1473  1 

FOREWORD  3 

LIST  OF  TABLES  AND  FIGURES  S 

1  INTRODUCTION .  7 

Background 

Objective 

Approach 

Mode  of  Technology  Transfer 

2  EXPERIMENTAL  PROCEDURE .  7 

Information  Sources 
Materials  and  Procedures 
Testing  Methods 

3  WELD  JOINT  PREPARATION  AND  WELDING  PROCEDURES .  8 

Weld  Joint  Preparation 
Welding  Procedures 

4  WELD  EVALUATION . 10 

5  CONCLUSIONS  AND  RECOMMENDATIONS . 14 

BIBLIOGRAPHY  14 

DISTRIBUTION 


4 


TABLES 


Number 

1  Materials  Listing  and  Specification  Requirements 

2  Welding  Parameters  for  Aluminum  Pipe  Welds 

3  Tensile  Test  Results 

FIGURES 

1  Details  of  Joint  Design  Used  for  All  Schedule  40  Pipe  and 
Photograph  of  Pipe  End  With  Joint  Configuration  Machined  On 

2  Joint  Design  Used  for  the  1-In.  Schedule  10  Pipe 

3  Typical  Metal  Weld  Made  Using  Gas  Tungsten-Arc  Welding 

4  Typical  Small-Diameter  Pipe  Tensile  Test  Fracture  Showing 
the  Failure  Outside  the  Weld  in  the  Base  Material 

5  Tensile  Specimen  Showing  Typical  Fracture  With  Failure 
Outside  the  Weld  Metal 

6  Failed  Tensile  Specimen  Showing  Centerline  Lack  of  Fusion 


7  Fracture  of  Failed  Tensile  Specimen  Showing  Area  With 
Lack  of  Fusion 


RECOMMENDED  ALUMINUM  PIPE 
WELDING  PROCEDURES  FOR 
CORPS  OF  ENGINEERS  CONSTRUCTION 


1  INTRODUCTION 


Background 

Aluminum  piping  systems  are  being  used  to  prevent 
corrosion  in  many  special-purpose  structures  designed 
and  built  by  the  Corps  of  Engineers.  However,  while 
less  expensive  than  steel,  aluminum  piping  is  much 
harder  to  weld.  This  has  caused  problems  in  field 
welding  contracts  when  aluminum  piping  is  specified 
and  the  contractors  are  unfamiliar  with  aluminum 
welding  procedures.  The  Corps  inspectors,  who  may  be 
asked  to  provide  guidance,  may  also  have  little  or  no 
experience  with  aluminum.  Thus,  while  the  inspector 
tries  to  resolve  these  problems,  work  can  slow  down 
or  stop,  which  is  very  costly.  This  problem  can  be 
solved  by  providing  the  Corps  inspector  with  basic 
information  on  aluminum  welding  parameters  and 
accepted  procedures. 

Objective 

The  objective  of  this  work  was  to  investigate 
aluminum  pipe  welding  techniques  for  field  construc¬ 
tion  and  to  use  this  information  as  a  basis  for  recom¬ 
mending  guidance  for  Corps  of  Engineers  aluminum 
welding  processes  and  procedures. 

Approach 

Available  literature  on  aluminum  welding  was 
surveyed  and  found  to  contain  valuable  procedures 


that  could  be  incorporated  into  existing  Corps  guid¬ 
ance  on  welding.  These  procedures  were  tested  to 
insure  that  their  use  in  the  type  of  construction  used 
by  the  Corps  would  be  feasible.  The  results  of  the 
tests  were  evaluated,  and  the  appropriate  parameters 
recommended  for  inclusion  in  Corps  guidance. 

Mode  of  Technology  Transfer 

It  is  recommended  that  the  information  in  this 
report  be  used  to  update  Corps  of  Engineers  Guide 
Specification  IS  116,  Welding,  Pressure  Piping;  and 
Army  Technical  Manual  5-805-7,  Welding:  Design, 
Procedures,  and  Inspection. 


2  EXPERIMENTAL  PROCEDURE 


Information  Sources 

Much  information  is  available  on  welding  aluminum 
pipe.  The  Aluminum  Association  (AA)  has  published 
and  disseminated  a  great  deal  of  information  on  this 
subject.  One  AA  member  company,  the  Aluminum 
Company  of  America  (ALCOA),  provides  consulting 
services,  so  investigators  for  this  project  were  able  to 
obtain  both  information  and  actual  experience  with 
pipe  welding  at  the  ALCOA  Technical  Center. 

Materials  and  Procedures 

To  verify  the  feasibility  of  using  AA  and  ALCOA 
procedures  in  Corps  construction,  researchers  tested 
the  methods  on  types  of  aluminum  pipe  commonly 
used  in  military  applications  (Table  1).  The  gas 
tungsten-arc  welding  (GTAW)  method  was  chosen 
based  on  recommendations  of  the  AA  and  the 


Table  1 


Materials  Listing  and  Specification  Requirements 
(Metric  Conversion  Factors:  1  in.  3  25.4  mm;  1  ksi  =  6.9  MPa) 


Aluminum 

Association 

Designation 

Specification 

Yield  Strength 
(ksi) 

Ultimate 
Tensile  Strength 
(ksi) 

Nominal  Size 
(in.) 

Schedule 

6061-T6 

ASTM  B241 

40 

45 

1 

10 

(IS)* 

(24)* 

1-1/2 

40 

2-1/2 

40 

4 

40 

3003-H18 

ASTM  B241 

27 

29 

2 

40 

(7)* 

(14)* 

4 

40 

4043 

AWS510 

- 

- 

1/8 

- 

ER  4043 

'Minimum  acceptable  (ensile  strength  levels  across  butt  weld. 


American  Welding  Society  (AWS).  The  cleaning  pro¬ 
cedure  was  developed  using  AA-recommended  proce¬ 
dures  for  preparing  an  aluminum  weld  joint.  The  joint 
design  was  taken  from  the  recommended  practice  for 
pipe  welds. 

Testing  Methods 

Welded  connections  were  made  in  the  pipe  using 
the  GTAW  process  in  the  1G,  2G,  and  5G  positions 
(horizontal-rolled,  vertical-fixed,  and  horizontal-fixed 
positions,  respectively).  Each  weld  was  radiographically 
inspected,  with  two  exposures  at  90  degrees  from  each 
other.  The  satisfactory  welds  were  subjected  to  me¬ 
chanical  property  testing.  The  smaller-diameter  pipes 
were  tested  as-welded  in  tension,  while  two  flat  tensile 
specimens  were  machined  from  the  4-in.-diameter 
pipe  and  tested.  The  pipe  specimens  were  tested  using 
a  SATEC  Systems,  Inc.,  500,000-lb  tension/compres¬ 
sion  machine.  The  l/2-in.-(12.7-mm)-wide  flat  tensile 
specimens  were  tested  using  a  Tinius-Olsen  20,000-lb 
tension/compression  machine.  The  yield  strength, 
ultimate  tensile  strength,  and  elongation  were  calcu¬ 
lated  and  compared  to  the  specification  limits  for  each 
type  of  aluminum  used. 


3  WELD  JOINT  PREPARATION 
AND  WELDING  PROCEDURES 


Wald  Joint  Preparation 

Figure  1  shows  the  joint  design  used  for  all  pipe 
welds  except  that  of  the  1-in.  (25.4-mm)  schedule 
10  pipe,  which  was  taken  from  practices  recommend¬ 
ed  by  ALCOA  (see  Figure  2).  The  land  provides  an 
area  to  burn  in  and  allows  for  full  penetration  joints 
with  little  sag.  The  1/16-in.  (1.6-mm)-radius  is  critical 
in  large-diameter  pipe  because  this  will  help  in  the  tie- 
in  between  the  side  wall  and  the  extended  land.  For 
this  investigation,  the  joint  design  was  produced  on  a 
lathe  in  the  machine  shop;  however,  portable  tools  are 
available  for  field  machining.  The  extended  land-type 
joint  used  here  is  recommended  for  piping  systems 
that  will  carry  liquid  and  for  heavier  walled  pipes 
(schedule  40  or  larger).  The  beveled  joint  with  a 
backing  ring  is  recommended  for  other  applications 
such  as  structures. 

Sound  welding  practice  requires  that  all  foreign 
material  be  removed  from  areas  to  be  welded.  Paint 
or  tar  coatings  should  be  removed  from  the  weld  area 
and  from  about  3  in.  (76  mm)  to  each  side  of  the  weld 
area  to  allow  full  visual  inspection.  This  also  insures 


that  the  heat  of  welding  will  not  decompose  the  paint 
or  tar  and  cause  a  toxic  atmosphere  or  interfere  with 
making  a  good  weld.  Paint  or  tar  should  be  removed  by 
solvents,  light  wire  brushing,  or  filing.  All  oil,  grease, 
and  dirt  should  be  removed  from  the  joint  area  before 
welding  to  avoid  poor  weld  fusion  and  excessive 
porosity.  Petroleum-based  solvents  are  best  for  re¬ 
moving  these  contaminants.  Naptha,  toluene,  and 
butyl  alcohol  are  examples  of  good  degreasing  agents 
which  evaporate  quickly  and  leave  little  residue. 

When  aluminum  is  exposed  to  the  ambient  atmos¬ 
phere,  aluminum  oxide  forms  on  its  surface.  The  oxide 
melts  at  3700°F  (2700°C),  as  compared  to  the  base 
alloy,  which  melts  at  about  1200°F  (642°C);  thus, 
unless  minimized  before  welding,  it  can  act  as  a  “stop- 
off’  and  prevent  weld  fusion.  When  aluminum  is 
subjected  to  thermal  treatments  and  weathering,  the 
oxide  becomes  thicker.  In  some  cases,  an  artificially 
thickened  oxide  or  “anodizing”  treatment  is  used  as  a 
paint  base.  These  thick  oxides  can  become  insulators 
and  prevent  proper  contact  for  the  electrical  current 
during  welding.  Thus,  thick  oxides  must  be  removed 
from  the  weld  area  to  permit  proper  weld  fusion  and 
also  must  often  be  removed  in  the  area  of  the  ground 
connection. 

Oxides  may  be  removed  by  grinding,  sanding,  or 
light  wire  brushing.  Wire  brushing  is  the  preferred 
method,  since  grinding  or  sanding  can  imbed  abrasive 
particles  in  the  aluminum  surfaces.  Manual  wire  brush¬ 
ing  is  an  acceptable  technique  for  oxide  removal.  The 
wire  brush  should  have  stainless  steel  bristles  and  be 
free  from  oil,  grease,  and  loose  dirt.  Power-driven 
wire  brushes  are  also  acceptable  if  light  pressure  is 
used.  Heavy  pressure  between  the  power-driven  brush 
and  workpiece  can  imbed  foreign  material  into  the 
surface  or  create  folds  in  the  surface  which  entrap 
oxides,  hydrocarbons,  etc.  The  base  material  should 
be  solvent-cleaned  before  wire  brushing. 

Weathering  of  bare  aluminum  used  in  marine 
applications  can  produce  hydrated  oxide  films  and 
water  stains.  The  moisture  in  the  oxide  can  cause 
excessive  weld  porosity  unless  removed  before  welding. 
Grinding  or  sanding  followed  by  light  wire  brushing  is 
the  preferred  method  for  removing  these  heavy  oxide 
coatings. 

Moisture  on  the  surface  of  the  base  metal  or  filler 
wire  will  decompose  in  the  arc,  producing  hydrogen. 
The  hydrogen  dissolves  readily  in  the  molten  weld 
metal  and  is  the  major  cause  of  weld  porosity.  Pre¬ 
heating  the  parts  to  be  welded  to  a  temperature  no 


Figure  1 .  Details  of  joint  design  used  for  all  schedule  40  pipe  (top),  and  photograph  of  pipe  end  with  joint  config¬ 
uration  machined  on. 


Edge  preparation 


A  =  0  for  no  backing  ring  or  removable  hacking  ring 


A  =  Vi  in.  maximum  for  integral  backing  ring 


Figure  2.  Joint  design  used  for  the  1-in.  (25.4-mm)  schedule  10  pipe. 


higher  than  250°F  (120°C)  before  welding  will  drive 
moisture  or  condensation  from  the  weld  area.  This 
thermal  treatment  can  increase  the  oxide  thickness, 
so  wire  brushing  is  required  just  before  welding. 

The  final  step  in  joint  preparation  is  to  cut  a  1/1 6-in. 
(1.6  mm)  chamfer  around  the  inside  diameter  of  the 
pipe,  using  a  pocket  knife  or  file.  This  will  remove  the 
oxide  layer  where  the  two  joint  parts  meet  and  allow 
the  metal  to  fuse  without  any  oxide  inclusions. 

Welding  Procedures 

Manual  welding  of  aluminum  pipe  requires  use  of 
the  GTAW  process  with  alternating  current  and  manual 
filler  metal  additions.  The  pipe  schedule,  which  is 
related  to  the  pipe  wall  thickness,  determines  the  weld 
current  level  to  be  used  and  therefore  the  tungsten 
electrode  diameter.  The  position  in  which  the  pipe 
joint  will  be  welded  defines  the  current  level  to  be 
used  as  well  as  the  type  of  shield  gas  that  will  be 
used. 

For  welds  made  in  the  5G  (horizontal-fixed) 
position,  a  mixture  of  half  argon  and  half  helium  is 
used  at  a  flow  rate  of  60  cu  ft/hr  (1.68  m3/hr).  All 
other  positions  can  be  welded  with  pure  argon  shield 
gas.  The  welding  torch  should  be  equipped  with  a 
tapered  gas  nozzle  rather  than  a  swaged  end  nozzle. 
The  preferred  electrode  material  for  AC  welding  on  an 
extended  land  joint  is  pure  tungsten;  zirconated 
tungsten  is  the  second  choice.  The  pure  tungsten  pro¬ 
duces  a  wider  heat  source  and  bead,  so  there  is  less 
penetration;  there  is  also  better  control  of  the  under¬ 
bead  contour. 

Table  2  shows  the  welding  parameters  used  to 
produce  all  the  pipe  weld  joints.  The  interpass  temp¬ 
erature  was  maintained  between  120°  and  I50°F 
(49°  and  66°C). 


For  field-welding  aluminum  pipe,  it  is  recommended 
that  the  GTAW  torch  be  equipped  with  an  on/off  push¬ 
button  connected  to  the  contactor  of  the  welding 
power  supply.  Depressing  the  button  closes  the  con¬ 
tactor,  allowing  current  to  flow  across  the  arc.  When 
the  button  is  released,  the  contactor  is  opened  and  the 
arc  is  extinguished.  The  current  level  is  set  at  the 
precise  value  for  the  weld  and  does  not  have  to  be 
controlled  by  a  foot-pedal,  thus  eliminating  some  weld 
quality  problems.  This  allows  welding  to  be  done  in 
all  situations  without  concern  for  where  the  foot- 
pedal  has  to  be  located.  Also,  the  foot-pedal  can  be 
a  problem  if  the  welder  must  work  on  a  ladder  or 
lying  down.  Using  the  push-button,  the  weld  can  be 
finished  by  repeatedly  pushing  the  button  and  feather¬ 
ing  the  end  of  the  bead. 

Figure  3  shows  a  typical  finished  weld  joint.  The  toe 
of  the  weld  has  a  smooth  transition  to  the  base  metal. 
The  area  on  each  side  of  the  weld  bead  shows  the 
remnants  of  the  cleaning  action  of  the  arc  where  the 
oxide  has  been  removed. 
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WELD  EVALUATION 


The  welding  procedures  that  were  used  to  produce 
the  pipe  specimens  were  taken  directly  from  the 
Aluminum  Association  and  included  refinements 
supplied  by  ALCOA.  It  was  found  that  the  welding 
current  limits  set  by  these  organizations  produced 
acceptable  welds  with  good  penetration  and  usability. 
The  extended  land  joint  design  provided  easy  access  to 
the  root,  which  allowed  good  control  over  weld  bead 
contour  and  control  over  the  amount  of  penetration 
and  size  of  underbead  reinforcement  (drop-through). 


Table  2 

Welding  Parameters  for  Aluminum  Pipe  Welds 
(Metric Conversion  Factors:  1  in.  =  25.4  mm;°C  =  [°F-32l[5/9].) 


Pipe 


Size 

(in.) 

Schedule 

Aluminum 

Type 

Position 

Voltage 

Current 

No.  of 
Beads 

Interpass 

Temperature  (°F) 

1 

10 

6061-T6 

5G 

18 

90 

1 

150 

1-1/2 

40 

606I-T6 

5G 

18 

120 

2 

150 

2 

40 

3003-H18 

IG 

19 

120 

2 

150 

2-1/2 

40 

6061-T6 

5G 

19 

130 

2 

150 

4 

40 

3004-HI8 

1G 

19 

155 

4 

150 

10 


Figure  3.  Typical  metal  weld  made  using  gas  tungsten-arc  welding. 


Table  3  shows  the  tensile  testing  results  for  the 
aluminum  pipe  joints.  The  smaller-diameter  pipes 
were  tested  in  as-welded  condition.  Solid  metal  bars 
were  inserted  in  the  ends  of  the  pipe  to  prevent  the 
pipe  from  crushing  closed  and  possibly  invalidating  the 
test  results. 

Figure  4  shows  a  typical  failure  of  the  small-diameter 
pipe  joints.  The  failure  surfaces  exhibit  good  ductility, 
as  shown  by  the  large  amount  of  plastic  deformation 
that  occurred  before  failure.  Another  indication  of  the 
ductility  is  the  final  fracture  surface,  which  is  slanted 
at  45  degrees  to  the  pipe’s  axis.  The  yield  strength  of 
the  two  specimens  tested  was  just  below  the  minimum 
15  ksi  (103.5  MPa)  required.  The  tensile  strength  of 
the  6061-T6  pipe  was  above  the  minimum  24  ksi 
(165.6  MPa)  required  strength  level. 

The  2-in.  (50.8-mm)-diameter  3003-H18  pipe  was 
tested  in  the  as-welded  condition  with  slugs  in  the  pipe 
ends  to  prevent  crushing.  The  ultimate  tensile  strength 
of  each  pipe  weld  was  above  the  14-ksi  (96.6  MPa) 
minimum  required  for  this  aluminum  alloy.  No  yield 
strength  data  were  determined  for  this  specimen 
because  the  tension/compression  machine  used  was 
not  equipped  to  read  a  yield  load.  The  failures  showed 
good  ductility  with  a  lot  of  plastic  deformation  before 


failure  occurred.  The  fracture  surfaces  were  at  45 
degrees  to  the  pipe's  axis. 

Two  flat  tensile  specimens  were  machined  from 
each  4-in.-  (101.6-mm)-diameter,  schedule  40  pipe 
weld.  All  but  one  of  the  specimens  broke  in  the  base 
metal.  Figure  5  shows  a  typical  flat  tensile  specimen 
failure.  Each  specimen  that  broke  in  the  base  metal 
showed  good  ductility  with  elongations  greater  than 
16  percent.  The  ultimate  tensile  strength  of  each 
specimen  was  well  over  the  14-ksi  (96.6-MPa)  mini¬ 
mum  requirement.  The  yield  strength  of  the  specimens 
was  well  over  the  7-ksi  (48.3-MPa)  minimum  required 
for  3003-H18  aluminum.  (One  yield  strength  was  not 
reported  due  to  a  failure  of  the  recorder.) 

Figure  6  shows  a  tensile  specimen  with  a  defect  in 
the  center  of  the  weld  caused  by  lack  of  fusion.  The 
defect  was  too  tight  before  testing  to  be  picked  up  by 
radiography.  Until  enough  plastic  deformation  occurred 
in  the  base  metal  which  controlled  the  failure,  the  flaw 
was  apparently  below  the  critical  size  to  cause  failure. 
Figure  7  shows  the  fracture  surface  of  the  last  tensile 
specimen.  The  arrow  points  to  an  area  in  which  the 
lack  of  fusion  was  great  enough  to  control  the  fracture 
location.  This  failure  is  marked  by  low  ductility  and 
the  lack  of  a  discernible  yield  point. 


Tensile  Test  Results 

(Metric  Conversion  Factor:  1  in. 2  25.4  mm;  1  ksi  =  6.9  MPa) 


Ultimate 


Pipe 

Size 

(in.) 

Schedule 

Aluminum 

Type 

Yield 

Strength* 

ksi 

Tensile 

Strength** 

ksi 

Elongation 

% 

Failure 

Location 

1 

10 

6061-T6 

14.2 

25.8 

5 

Base  Metal 

1-1/2 

40 

6061-T6 

14.9 

24.4 

- 

Base  Metal 

- 

26.3 

- 

Base  Metal 

- 

26.4 

- 

Base  Metal 

2 

40 

3003-H18 

- 

16.0 

22.9 

Base  Metal 

- 

16.1 

- 

Base  Metal 

- 

16.7 

18.7 

Base  Metal 

- 

16.8 

16.6 

Base  Metal 

- 

16.3 

16.6 

Base  Metal 

4 

40 

3003-4118 

10.8 

17.0 

18.9 

Base  Metal 

10.3 

16.7 

17.9 

Base  Metal 

- 

17.2 

18.6 

Base  Metal 

9.6 

17.6 

22.3 

Base  Metal 

11.0 

17.1 

21.6 

Base  Metal 

10.3 

17.3 

18.2 

Base  Metal 

10.3 

17.9 

20.5 

Base  Metal 

11.1 

17.5 

16.1 

Base  Metal 

9.6 

17.1 

16.7 

Base  Metal 

10.1 

2.9 

Weld  Metal 

‘Acceptable  values  are  15  ksi  for  6061-T6  and  7  ksi  for  3003-H18. 
“Acceptable  values  are  24  ksi  for  6061 -T6  and  14  ksi  for  3003-H1 8. 


Figure  4.  Typical  small-diameter  pipe  tensile  test  fracture  showing  the  failure  outside  the  weld  in  the  base  material 


5  CONCLUSIONS  AND 
RECOMMENDATIONS 


incorporated  into  guide  specifications  for  welding 
procedures  for  Corps  of  Engineers  construction. 


The  following  conclusions  are  based  on  the  results 
of  this  work: 

1 .  Use  of  GTAW  process  will  provide  sound  welds 
in  3003-H18  and  6061-T6  aluminum  pipe. 

2.  The  extended  land  joint  configuration  for  the 
SG  and  1G  weld  joints  provides  maximum  control 
over  weld  drop-through  and  wide-wall  fusion. 

3.  The  use  of  the  push-button  to  control  the  weld 
contactor  can  eliminate  some  weld  quality  problems 
by  reducing  the  variance  in  the  current  caused  by 
manual  methods. 

4.  The  current  limits  set  by  the  Aluminum  Associ¬ 
ation  and  ALCOA  produce  an  acceptable  weld  with 
few  control  problems. 

5.  Use  of  the  appropriate  cleaning  procedures  can 
reduce  defects  in  the  weld  that  are  a  direct  result  of 
oxide,  moisture,  hydrocarbons,  and  dirt. 

It  is  recommended  that  the  aluminum  welding  meth¬ 
ods  of  the  Aluminum  Association  and  the  ALCOA  be 


BIBLIOGRAPHY 


Aluminum  Welding  Seminar  Technical  Papers  (The 
Aluminum  Association,  May  1977). 

Specifications  for  Aluminum  and  Aluminum  Alloy 
Bare  Welding  Rods  and  Electrodes,  AWS  AS  10.80 
(The  American  Welding  Society,  1980). 

Specification  for  Aluminum-Alloy  Seamless  Pipe  and 
Seamless  Extruded  Tube,  ASTM  B241-82  (The 
American  Society  for  Testing  and  Materials, 
1982). 

Structural  Welding  Code;  Aluminum,  ASW  D1 .1  -83 
(The  American  Welding  Society,  1983). 

Welding  ALCOA  Aluminum  (Aluminum  Company 
of  America,  1972). 

Welding  Aluminum  (The  American  Welding  Society, 
1972). 


CERL  DISTRIBUTION 


Chief  of  Eojlnoor* 

ATTN:  Toeh  Noaltor 
ATW:  OAEN-ASI-L  (J) 

ATTN:  DAEN-CCF 
ATW:  OAEH-CW 
ATTN:  DAEN-CWt 
ATTN:  OAEN-CNM-R 
ATTN:  DAEH-CUO 

ATTN:  DAEH-CWP 
ATTN:  OAEN-EC 
ATTN:  OAEN-RCC 
ATTN:  BAEN'ECE 
ATTN:  OAEN-ZCF 
A1W:  OAEN-EC* 

ATTN:  DAEN-RD 
ATTN:  OAEN-fUJC 
ATTN:  OAEN-RDH 
ATTN:  OAEN-Ut 
ATTN:  OAEN-ZCZ 
ATTN:  DAEN-ZCE 
ATTN:  OAEN-ZCt 
ATTN:  OAEN-ZCM 

?ES A,  ATTN:  Library  22060 
ATTN:  OET  III  79906 

US  Arey  Engineer  District* 
ATTN:  Library  (41) 

US  A ray  Engineer  Division* 
ATTN:  Library  (14) 


US  A ray  Europe 

AEAEN-ODCS/Cngr  09*03 
ISAE  09081 
V  Corps 

ATTN:  DCH  (11) 

VII  Corps 

ATTN:  DCH  (13) 

21st  Support  Coaaond 
ATTN:  DCH  (12) 

USA  lor  11a 

ATTN:  OCH  <ll) 

USASETAF 

ATW:  DSN  (10) 

Allied  Coaasnd  Europe  (ACC) 

ATTN:  DEH  (3) 

8th  USA.  Cora*  (19) 

AQC/US  Coabtnad  Force*  Coeaend  96301 
ATTN:  EUSA-KHC-CFC/Engr 


USA  Japan  (USA8J) 

ATW:  AJEN-FE  963*3 
ATTN:  DEH-Honehu  963*3 
ATTN:  DEH-Oktneae  96331 

Are*  Engineer,  AEOC-Are*  Office 

Arnold  Air  Force  Station,  IN  32389 

416th  Engineer  Coeaend  60623 
ATW:  Facilities  Engineer 

US  Hllltary  Acadeay  10966 
ATW:  Facilities  Engineer 
ATTN:  Dept  of  Geography  6 
Coapoter  Science 
ATTN:  OSCFEH/NAEN-A 

AtQflIC.  ATW:  0CEH1-W  02122 

USA  AMCOM  61299 
ATTN:  ORCIS-RI-I 
ATTN:  DHSAE-IS 

OAACOH  -  Dir.,  Inat.,  *  Sve*. 

AtW:  OCH  (23) 

OLA  ATTN:  DLA-Wt  2231* 

ONA  ATTN:  NADS  20305 


POUODM  Engineer,  ATW:  AFCN-DCH 
ATW:  ON  (23) 

IttC 

ATW:  MLO-F  2823* 

ATW:  Facilities  Engineer 
ritgslasna  AM  *02*0 
Halter  Heed  AM  20012 


l NS CON  -  Ch,  Inatl.  Dlv. 

ATTN:  Facilities  Engineer  (3) 

HON 

ATTN:  DEH  (3) 

HTHC 

ATTN:  NWC-SA  20315 

ATTN:  Faellltlaa  Engineer  (3) 

NARADCON,  ATTN:  DCDNA-F  01260 

TAACON,  Fee.  Dlv.  48090 

TRADOC 

HQ,  TSADOC,  ATTN:  ATEN- DEH 
ATTN:  DCH  (19) 

TSAEOOM.  ATW:  STSA8-F  63120 

USACC 

ATW:  Facilltlee  Engineer  (2) 

WESTCOM 

ATTN:  DEH 

Fort  Shatter  96858 
ATTN:  APCN-IH 

SHAPE  09035 

ATTN:  Survleablllty  Section.  CC8-OFS 
Infreetructure  trench,  LANDA 

NQ  USEUCON  09128 
ATW:  ICJ  4/2-LOf 

Fort  lelvolr,  VA  22060  (2) 

ATW:  Canadian  Liaison  Offlcar 

ATTN:  Water  Resources  Support  Center 

ATW:  lagr  Stadia*  Cantor 

ATW:  Rngr  Topographic  Lab 

ATW:  ATZA-DTR-SU 

ATW:  AIZA-m-M 

ATTN:  1*0  Ceaaand 

CREEL,  ATW:  Library  03253 

NES,  ATTN:  Library  391SO 

NQ,  mil  Airborne  Corps  and 
ft.  Bragg  28302 
ATW:  AFIA-F1-EE 

Chnaut*  APB,  IL  61868 
33*3  CES/DE,  Stop  22 

Norton  ATI  CA  92*09 
ATTN:  AFKI-NE/DES 

Tyndall  API,  FL  32*03 

AFISC/Inglnanrlng  6  Service  Ub 


ATW:  ROME  Llalooo  Office  (6) 
ATW:  Sr.  Tech.  FAC-03T  22332 
ATTN:  Aeat.  CDS  RAD,  FAC-03  22332 


NCEL  93041 

ATW:  Library  (Cod*  L08A) 

Do fans*  Technical  Info.  Cantor  2231* 

ATW:  ODA  (12) 

EailMorlng  Soclotloa  Library 
Noe  Tork,  NT  10017 

Notional  Cuard  Bureau  20310 
Inatalletlon  Division 

US  Goetrnaant  Printing  Offtcn  2230* 

Receiving  Sactlon/Dapoaltory  Copies  (2) 

US  Amy  Env.  Hyttan*  Agency 
ATW:  HSHt-f  21010 

National  luraau  of  Standards  20760 


303 

82*/8A 


Weber,  Robert  A. 

Racoaaended  alualnua  pipe  welding  procedures  for  Corps  of  Engineers  Con¬ 
struction  .  -  Champaign,  Ill  ;  Construction  Engineering  Research  laboratory  j 
available  from  NTIS,  1984 

H  p.  (Technical  report  /  Construction  Engineering  Research  Laboratory  ; 
H-3S8) 

1.  Pipe,  aluelnue-veldlng.  I.  Title.  II.  Series  j  Technical  report 
(Construction  Engineering  Research  Laboratory)  M-3S8. 


